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We, 'DuoKOL Chemical Cosporatiok, of 
Nevportville Road, Bristol, Pennsjrlvania, 
United States of America, a Coxporation of 
. Delaware, United States of America, do 
Ixeieby declare the invention, for wliich we 
pray that a patent may be granted to us, 
and the method by which it is to be per- 
formed, to be particularly described in and 
by the foUowiiig statement: — 

Tim invention relates generally to jet, 
pumping q^stems and more particulady to a 
anoobination steam generator-steam jet punn- 
ing system and to an improved mediod of and 
apparatus for generating steam tjiezef or. 

Jet pumping systems of the steam cmxot 
type have many applications some of which 
may be generalized as those applications 
where short duty cyde operation is required 
in processes such as vacuum service refri- 
geration, oys^Jlization, evaporation, drying, 
filtering, mixing^ and chraaical processing 
where hig^ ten^)emture steam is required 
for short durations. 

Of these applications, vacuum service has 
become of tremendous importance because of 
the rapid technological strides made in con- 
nection with sdentific development for ±e 
exploration of space. Successful space travel 
necessitates first the simulation of extremely 
high altitudes for specialized apf^cations 
such as space vehicle testing involving engines, 
components, or complete space vehicle sys- 
tems, and the testing of eqmpment to be used 
in a space unit or station including moon 
base equipment. 

In testing rocket engines v^ch will be used 
to power flights beyond the world's atmos- 
phere, it is necessary that these engines be 
operated at exhatist pressures corresponding to 
the near perfect vacuum existing there. To 
achieve a condition of very low back pressure 
at the exit of a rocket chamber while it 
is being tested in the earth's atmosphere, the 
rocket exhaust gases must be removed from 
the nozzle exit at a rate which will produce 

[Price 4s. 6d.] 



the desired gas pressinie or density. In a 
10,000 lb. thrust engine, approximately 40 
pounds per second of exhaust gases have to 
be handled by an ejection systeoL 

In a typical steam ejeaor system for such 
an application, staging is required to obtain 
the very low rocket engine exhaust back 
pressures desired. Rodket exhaust gases in- 
chide non-condensable components and as an 
example calculations disclose that it is pos- 
sible to use over 300 pounds per second of 
steam for each pound of non-condensahle gas 
at an extremely low back pressure. Thus, the 
amount of steam required by the system to 
stioiulate vezy high altttudes for large rocket 
engines reqiures steam production facilities 
representing several millions of dollars of 
capital mvestment which is usually beyond 
the means of private manufacturing firms 
except on a vei^ limited scale. 

The main object of the present invention 
is to provide a combination steam generator- 
steam jet pumping ^^stem, and an improved 
method of and aj^aratus for generating steam 
therefor which wul produce tiie total amount 
of steam required to achieve a d^xed bock 
pressure or degree of vacuum for space simii- 
lation tests, at an overall reducticm in capital 
investment- 
According to the invention there is provi- 
ded a method of furnishing motivating fluid 
for a steam jet vacuum pump by contacting 
hydrogen peroxide and a catalyst to effect 
decomposition of said peroxide into high tem- 
perature non-condensable oxygen and steam, 
adding water, if necessary, to the products 
of decomposition to generate additional 
steam, deUvering substantially all of the 
steam to said pump and after use condensing 
said steam and recirculating the condensate. 

According to anotiier aspea of die inven- 
tion a steam generator consprises a chamber 
having an inlet port and a discharge port, a 
mass of catalyst mounted in said dmnber, 
means for supplying hydrogen peroxide to 
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said inlet port to cause said hydiogen per- 
oxide to flow thioogh said catalyst mass and 
be decomposed into a mixture of steam and 
oi^gen, and means for supplying hydrogen 

5 to mixtuie of steam and oxygen in said 
chamber to zeact with the oxygen of said 
mixture to f ozm further quantities of steam, 
a t nbf ^^'" coil moiiT^M in said chaiaiber be- 
tween. said catalyst mass and discharge ports 

10 and in communication with said hydrogen 
supply means to effea preheating of said 
hydrogen by the products of decomposition 
prior to the admittance of said hydrogen into 
said chamber, said chamber having a jacket 

15 into wbsdti cdd water flows and f mm which 
jacket said water is injected into said com- 
bustion chamber to generate addidonal steam, 
and a condenser arranged between said dis- 
charge port and said jacket^ wherein after 

20 use steam is condensed and the condensate 
recirculated. 

In the accon^anying drawings we have 
shown one enibodiment of the invention. Jn 
this showing: 

25 Figure 1 is a schematic view of a ^ical 
five stage steam ejector system 
cuixendy neccssaiy for with- 
drawing the gas from a rocket 
engine at a desired rate; 

30 Figure 2 is a schematic view of the im- 



60 From die foregoing, table, it will be seen 
that die exhaust pressure is reduced to 
approximately 0.6 psia in two stages with 
condensadon. Tliese stages require a total of 
300 lb. of steam per pound of non-condcns- 

65 able gas in the rocket engine exhaust. Further 
reducdons in back pressure are obtained by 
adding more condensing stages. 

In the five stage system shown, the table 
shows the amounts of steam required in each 

70 stage per pound of non-condensable gas in 
the rocket exhaust products. The total steam 
consumption for the five stages is 306 pounds 
per second or 1,101,000 pounds per hour per 
pound of non-condensable gas. For a 10,000 

75 pound thrust engine, if liquid oxygen and 
liquid ammonia are used as propeUants, die 
amount oi nourcondensables in the exhaust 
gases is approximately 40%. Therefore, at 
a flow rate of 40 pounds per second, the 



proved apparatus and system 
comprising a part of the present • 
invention; and 
Figuie 3 is a central longitudinal sectional 

view of one fomoi of steam gene- 35 
rator with which the improved 
miethod of generating steam for 
the system may be practised, 
widi- an associated schematic 
representation of the manner in 40 
whidi die water for and from 
steam generation may be re- 
cycled. 

In its broadest aspects, the invention con- 
templates an improved steam generating 45 
method and apparatus for producing large 
quantities of high pressure superheated steam 
and having characteristics which also render 
them pecdiarly valuable in certain applica- 
tions such as the jet ejector system embodying 50 
the same herein described. 

Figure 1 discloses a typical five stage steam 
ejector system for lowermg the back pres- Cj 
sure of a rocket engine E by evacuating a , 
chamber A into wiiich its exhaust gases are 55 
disdiaiged to simulate, very high altitude con- 
ditions while operating in the earth's atmos- 
phere. The need for sta^ng is shown by 
the following rable: 
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non-condensables are 16 pounds per second, 80 
and the steam required to handle this fiow ^f-s^ 
is fifteen to sixteen million pounds per hour \^ 
to maintam the esd^aust bac^ pressure at an 
equivalem 150,000 foot altitude. 

The foregoing steam rate is approximately 85 
equal to twice diat of the Hcllgate Station in 
New York Gty. It will thus be appreciated 
diat altimde simulation for htfge rocket en- 
gines normally requires facilities comparable 
to those at Tullahoma, Tennessee where the 90 
output of the TVA power complex is fed 
into the test station on off-peak hours to 
supply the power required to operate the aid- ' 
tude equipment. Such a situation, of course, 
imposes severe limitations on hi^ altitude 95 
testing. 

The present invention as disclosed in 
Figures 2 and 3 comprises a system em- 
bodying a method of and apparatus for gene- 



Bade Ptcssure RATIO LB/LB 

Altitade PSIA . Stfim/Non Condensable 



33:1 

Total Ratio: (3063:) 



150,000 0.005 270-300:1 2 



1:1 1 
2:1 1 



reduction in size ««« and with a 

equipment reqXd. ^ generating 

power for a ^10 o?crS t J?" T^'^ 
products W a ca*^^ ^ '^^^ 

«» tower the prS^f'S^^T^ ^ 
10 gases entering at 11 a JSzL"°^ exhaust 

a conduit 16 bT a Mml i'^'?'™^ 
plies the immeUa^rtrTi. ^ "'"i mp- 

a .«tety y^2l,Jdf^'^ with 
wdve a. ana a contiQl or orifice 

20 suriad tenk 14 nf^™^''^-' ^ ^ pics- 

»tFs£^^'^^^tj! 

^SoS^P^SiK'^-t^^" 

Piwswn Head toT "^P^^ * 

25 lines) whraTSe ae^ 

ooneo^^'Ri" "Sulated to provide 

?e inlet se^ toAe" s^°^ « 
but with an ov^rmS 12, 
30 shown) to ^-Srlnte. 

pnKluctsWSrs,4^'2^„«??^ty of 

enay into Ae ieteSlO^" 12 pnor to 
12? £Sn"Sjf ^ generator 

35 therein intrst^aS IrS'i 

Perature of approaSy ^op"/^*™- 
niKture may be n^erft^ • ^ 
able coiSS '^'^•^^ 
jet ejector Tby^a^f^^y 

40 thismizturcniaVte^^b?™""'?^ 

duct temperature comDShfcTls^^i^ 1"°" 
^1 pom.3 of the ^^T^i^l- 
the event that ezcessim J!!^ ™ tne jet In 
45 the miaurTonSKLr*"-" and 

of water ta:^ ^^ ejection 

50 sySSSS°3,^^«^3.«miet. 
najor advance m the a^Sf ^ "? " 
poxtant addition tf^^S^-!!" 
«neans which wffl thTfnST""" 
of steam reauired K^^- • ^ quantity 

a 2?fZ'Ti:^ Mrogen ig 

is undtt^ptl^h* ''^""^ tank 27 which 
™er pressure by a source of hydrogS 
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l'c^r£f^ ^^ed thereto by 

UtheJ^^^-^S^^e^^valv^ 
30 and a control v^i^TT^ safety valve « 
"langement uSLrvSl 31. m 

wiiTthe oxyS^^J^g?» react 
reaction of tte hi^^ ''^ catalytic 
moveslll ifSli^^ f*"*^'^- This re- 

aae required for ^jai^^T^T ^ 
of suitable inters^ '^iS? ^"^J^ 
Hon of water as at^^f^^^^ 
^ to a suitable tSi^^^J^ >.«actant 

opies of the S Sffi If?- 
generating steam by^^i^Jo/ 2 m 80 
g^jle, gaseous hydr^i^ 

and water 

after part of tfedSSS^^^ ^ ^^"^ ^be 
fic« as indicated b/tKol '^'^ 

injSor 33°Whvdl ^^^^^^ 100 
piled d.^'°t4^^/«o^.de is s^^^ 

plate 43 v^rTt 42 to the mjector 

Iret 40 -nT^?." "'"^^ into the cata- 

rftht HO decom^S, 

^3-'^-^^^ 110 

instantaneous combustion the 
and oxyecQ takes wio^ " ^ ™ "ydrogcn 
chamte 35 a ^ combustion 

vide a Ur^^^^^^P^^andtoalsopro- 
o^t ^ 8««««i stS^ 120 

H.o'H^^^ftl? proportions of 
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C",^/t^plp indicated as 
fluid tot a ja '^Anwn system of 

^atSt°fw 48 back to the water 

''TJS'now be apparent that the comb^ 

10 tio?«--^^'SdTa^d apT--T- 
«^ ^ ^^SfdemT)^ in combination 
^"*^^ndX SrSm^ a highly un- 
therewitfa and P«: " ^bis is paiticu- 

portant advance m the "^pment 

15 larly true as apphed to ^^^^-.PtciMdae 
^ forWalitodeam^'ont^ts^au^ 

T °* "^"SM^d S Weratel_^ 
advances vm oe "J, assured 

die simplified and enhanced testing as 

20 by the mrendjm. ^^ation set forth, 

In addttion » f^^^^oard naval ves- 
the invcnuon may be emergency 
sds for the totle 
pumping 'E^Ztow^^sSn boilers 
25 endangering the 

"^'^^ ^^SlTin industrial appbca- 
"^'^ ^^SnSes of steam are ie- 
tions OTJeie laige I"*"" oeriods of tnne, 
^ nSTplaSSized with 

30 or where a poro^s^J^ J urgency 
a jet m|e«M^ ~X«,tia«iy taigP 
pumpmg P»«P*^ "■•^ 

'"SfinlSlias the adv^^S^ 

^ large q^^^J^. ^^T^^n 
Jn a short penod ofraw. ano^ 3^ 

^ rS'r52K"of''Uui««en.s- 



WHAT WE CLAIM - ^ 
l.A.steamg«e«tor^pn^» 
ber having an mlet port^ ? Camber, 
45 » "^'"^ f ^v^rS^o^ pelade to 
means for ^^.^^Th^sa^ p«- 
said inlet port ttrauosiwj^ ^ ^ 

^^de to flow through g steam and 

50 SyS^ni^ 1or"^yi»8 Mtogen 



turc to form tnrinw chamber between 

bular coa mounted ^ .»»^n.orts and 55 
33id catalya. ^ supply . 

by the ptodittts 01 o^*""^ . cham- 
aimttance of said Mrt^ mw^ gh 60 

"^^^ ^-I^isSl'^into said com- 
jacket said '^J^ "^additional steam, 

«nerator as daimcd in claim 

2. A steam gew™™ Mnrcnlate the con- 
1, including a pump to learcoiaie uk ^ 

densate. riaimed daim 1 or 2, 

3. Awaratus ^ ^'''f ^^^t vacuum 

P^^y'ng *1'*!S^- „f furnishing fflotivatii« ; 

S^^-^'-ltfe^^^st^' 

perature "^-^^'^^LTw the products 

wat^, if n^^^tjonfi steam, 
ofdecomposmonTO^newte«i ^ g5 

deUvering «*«m™2 Sc condensing said 
said punip «nd ^ ^ ^emate. . 
gttam and recirculating mew 5, wherdn 
"T^A method as daimcdmdM^ 

bydrogen.is. P«^^ed% Sd^ncts to • 90 
dicompoffltion ^d^'^g form further quan- 
react ynsb the «^§^£^to the pump, 
titles of «Xl >SS steam subson- 
,i with refer. ^ 

Se to the aocompanymg drawmg- 
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/ SHEET jfji^ drawing Is a reproduction of 
the Original on a reduced scale. 
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